We have subcloned the asnA gene of E. coli K-12, a gene coding for asparagine synthetase, from a previously cloned 6 mega-dalton segment of E. coli chromosome containing the DNA replication origin, ori, and asnA. The complete nucleotide sequence of the asnA gene was determined: the region of the structural gene extends 990 base-pairs at nucleotide positions 1434-2423 (see Fig. 3 ), which codes for a polypeptide of 330 amino-acid residues with a molecular weight of 36,688 daltons. The nucleotide sequences of the promoter and the ribosome-binding site of the gene are also assigned. We discuss the properties of its polypeptide.
INTRODUCTION
Since Yasuda and Hirota (1) isolated a chromosomal fragment carrying the replication origin, ori, of E. coli, extensive studies on the structure and function of ori have been carried out (2-7) and the asnA gene was found on the cloned 6 mega-dalton (Mdal) DNA as an adjacent gene of ori (3, 5, 7, 8) .
The asnA gene encodes an enzyme protein, an asparagine synthetase which catalyzes the reaction transfering ammonium to aspartic acid to form asparagine in the presence of ATP. The molecular weight of the enzyme was determined to be 80,000 daltons by measuring the enzyme activity in the eluates after chromatography of extracts of E. coli K-12 on Sephadex G-100 (9) . Recently, another asparagine synthetase gene, asnB, has been found at 15 min on the chromosome (10, 11) . These two enzymes have similar catalytic activities but differ in substrate specificity and temperature stability. Either enzyme alone is sufficient for the growth of the bacteria under the conditions of asparagine limitation. The molecular weight of 80,000 daltons has been observed for asparagine synthetase from asnA (11) . On the contrary, von Meyenburg and Hansen reported the molecular weight of the gene product of asnA to be 39,000 daltons (7) . Thus, the studies of biochemical characteristics of this enzyme do not seem satisfactory. We approached this problem by the use of technologies for gene-cloning and nucleotide sequencing of asnA.
In the present paper, we describe the complete nucleotide sequence of asnA gene including the promoter and the ribosomal binding site. The aminoacid sequence of the asparagine synthetase was deduced from the nucleotide sequence and the properties of its polypeptide were discussed.
MATERIALS AND METHODS
All strains used were derivatives of E. coli K-12: JE6279 (F~ asnA asnB thi thy str recA) and GM31 (thr leu dcm his thi ara lac galK galT xyl mtl str tonA tsx supE). Restriction endonucleases were purchased from Takara Co., Ltd. or Bethesda Research Laboratories, or prepared by published procedures (12) . Plasmid DNA was isolated as previously described (2) . Transformation using the plasmid DNA was done as previously described (13) . DNA sequence determination was performed by the procedure of Maxam and Gilbert (14) .
RESULTS

Cloning of asnA gene
From previous studies (3, 7) , the 6 Mdal BcoRI fragment containing the replication origin of E. coli was shown to carry the asnA gene. The details of the restriction map of the 6 Mdal fragment were constructed by measuring of molecular weight of the fragments which were generated by clevage of \gt- 
Nucleotide sequence
The nucleotide sequence of the BamHI F, G and B regions has been established and a part of an open reading frame region corresponding to a part of the asnA gene has been proposed in previous studies (3, 4 ) . In this study we determined the nucleotide sequence of the region from the BamHI site 6 to the Pstl site 4 (see Fig. 1A ). The entire asnA gene is shown to be located within the Pstl C fragment as shown in a above section. A fine restriction map of the BamBl-Pstl region of pMYlll was constructed by using a series of eight different restriction enzymes (Fig. 1C) . The strategy used to sequence the BamHI-PstI region is presented in Fig. 1C . Over 95% of the region was sequenced for both strands. We determined the sequence of the BamHI-Pstl fragment containing 379 base-pairs. Thus the addition of the sequence to the previously determined sequence (2291 base-pairs) completed the entire sequence (2670 base-pairs) of the fragment from the Bam&l site 4, to PstI site 4 containing the ori and asnA genes. We adopted the numbering system of nucleotide positions used in previous papers (2-4). Coding region of asnA and the gene product
We sought the reading frame of the asnA on the nucleotide sequence of the PstI C fragment: initiation (ATG) and termination (TAA, TAG and TGA) codons for protein synthesis were plotted on each of the six reading frames, three phase frames on both orientations, ranging from nucleotide positions 489 to 2570 (Fig. 2) . The cloning experiments have shown that the complete genetic information coding for the production of the asparagine synthetase is encoded within the PstI C fragment and the BamHI site 6 is located in the essential region of asnA. The apparent molecular weight of the asnA gene product has been reported to be 39,000 daltons (7) mate molecular weight of 39,000 daltons was found. We concluded that the region coding for the asnA was initiated with ATG at the nucleotide positions 1434-1436 and terminated with a doubled terminator, TAATAA, at nucleotide positions 2424-2429 ( Fig. 2 and 3 ) .
Based on the assumption that the asnA gene product is not processed 
CCTGGCACCGTTCCTGCCGCATC^ATCCACTTCGTACACAGCCAGGAGTTACTGTCTCL euAlaProPheLeuProAspGlnlleHisPheValMsSerGlnGluLeuLeuSerArgTyrPraAspLeuAspAlaLysGlyArgGluArgAlalle
GCGAMGATCTTGCCGCGGTATTCCTTCTCGGGATTCW^CCAAGCTCACCGATGGTCATCCCCAreACGTGCGCGCACCGGATTATCÂ laLysAspLeuGlyAlaValPheLeuvalGlylleGlyGlylyaLauScrAspGlyHlsArgBisAspValAigAlMProAspTyrAspAspTrpSer
CCCCGTCAGAGCTGGGCC^TGCGGGTCTGAACGGCGATArrCTGGTGTGGAACCCCGTACTCX^kGATGCGTTTGACOTTTCCTCCT hrProSerGluLeuClyltiaAlaGlyLeuAsnGlyAspIleLmiValTTpAsnProVallmiGluAspAlaPheGluLeuSerSerNetCliiIleArgVal It is possible that the sequence is to serve as the termination site of RNA polymerase of asnA (15) .
AGATGCCGACACGCTGAAGCATCAACTGGCGCTGACCCGT^CGAAGATCGCCTGGAGCTÂ spAlaAspThiLeuLysHlsGlnLeuAlaLeuThrClyAapCluAMpArgLauGlaLeuClaTrpBiaClnAlaLeutfeuAigGlyGluMetProGln
ACCATCGGCGGCGGTATCGGC(^GTCTCGTTTGACTATGCTGCTCCTG<^CTGCaX^TATCGCCCAGCTTCAGTGT hrlleClyGlyGlylleGlyClnSarAxgLevThTMetLeuLeuLmiGlnLeaPToaitHtGlyGlnValGlnCyMClyValTrpPToAlaAlaVal
GCGAGACCGTCCCrTCTCTGCTGTAATAArrrATCGCCGCCAGCGTCTGACCAGGaKrrTCCCATCCCCGTATCAAACCCCC^Â rgGluSerValProSerLeuLeu
GCATGATGCCCGGTTTGCCCTCTGCCGACATCGCCAC<K^TGAAAGCGATGCT«ICTA<XCGCrtXAG
The molecular weight of the asnA product is estimated to be 36,688
daltons from the amino-acid sequence deduced from the nucleotide sequence.
Its molecular weight was consistent with that reported by von Meyenburg and Hansen (7). They estimated the apparent molecular weight at 39,000
daltons from the relative mobility of the polypeptide on SDS-polyacylamide gel. On the other hand, the apparent molecular weight of asparagine synthetase determined by other groups was reported as 80,000 daltons (9, 11) , twice as large as that of ours. They measured the enzyme activity of the asparagine synthetase in the eluates after chromatography of cell lysates on a column of Sephadex G-100. We found no open reading frame corresponding to such an 80,000 dalton polypeptide within the sequenced region. An explanation to reconcile these conflicting results might be as follows: a single polypeptide having a molecular weight of 36,688 daltons is a monomeric subunit of asparagine synthetase and the apparent molecular weight of 80,000 daltons (9, 11) corresponds to a dimer form which may have enzyme activity of asparagine synthetase.
Nichols and Yanofsky found no tryptophan residue in the o-subunit of the tryptophan synthetase of E. coli (16) . Similarly, the asparagine synthe- tase contained only two asparagine residues in the amino-acid sequence. Thus, these two amino-acid synthetases lack or have very few amino-acid residues of the respective reaction product. Two cysteine residues were found at the positions of the 51st and 275th residues in the amino-acid sequence. These residues of the enzyme may contribute to the formation of the structure(s) responsible for the enzyme activity. This idea is supported by the observation that the enzyme activity is stabilized in the presence of 2-mercaptoethanol and inactivated by agents which react with sulfhydryl groups (9).
The content of acidic and basic amino-acids of the polypeptide deduced from the nucleotide sequence was 14.3% and 10.3%, respectively. This indicates that its polypeptide is slightly acidic. This is supported by the finding of Cedar and Schwartz who measured its isoelectric point as 5.5 (9).
Three hydrophobic regions of its polypeptide were found in the Cterminal area of the polypeptide. Values of hydrophobic index (17) at the three areas are 2.18, 1.00 and 1.91, respectively. These hydrophobic indexes are consistent with the fact that the asparagine synthetase is a soluble protein.
The frequency of codon usage was also investigated. As shown in Table   1 , it is not random (18) but the tendency is more random than that of codon choices in ribosomal protein gene (19) . The net preference for a codon responding to the major tRNA species apparent in the asnA was as follows: CUG for leucine (20) , CCG for proline (21) , GCG for alanine (22) , AAA for lysine (23) , CGY (Y=pyrimidine) for arginine (24) and AUY for isoleucine (25) .
